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(54) Electrical generator for an aero-engine 

(57) An aero-engine is provided with an integrated 
switched reluctance generator (7B) permanently con- 
nected to the low speed spool of the engine such that 
"wlndmllling" of the engine enables the generator to be 
turned if the engine suffers a flame out The generator is 
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driven by a step up gearbox so as to provide reasonable 
electrical output, say 25kW, during fiameout whilst 
keeping the generator weight down. 
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[00011 The present Invention relates to an aircraft 
generator, and In particular to a generator for supplying 
electrical power to an aircraft when one or more engines j 
thereof has lost propulsive power, or there has been a 
failure of the main electrical power system. 
[0002] Aircraft electrical power requirements have 
increased over the years. This trend te expected to con- 
tinue as the number of electrical devices, and electri- 
cally operated loads Increase within aircraft. It Is 
expected that flight control surfaces will Increasingly be 
driven directly by electrical devices, or Indirectly, 
wherein an electrical device Is used to provide a supply 
of hydraulic pressure which may then be used by 
hydraulic actuators to operate flight control surfaces. 
With this greater dependence on electrical power, It Is 
becoming more Important to ensure that there Is an 
electrical supply available at all times that the aircraft Is 
In service, the main concern Is the loss of electrical 
power In flight In the event of a failure of combustion In 
the aircraft engines. Such total flame-out' conditions 
have been known to occur as a result of air turbulence 
or flying through airborne debris, such as volcanic dust 
[0003] Traditionally emergency electrical power in 
the event of engine failure has been provided by a ram 
air turbine, RAT, which comprises an electrical genera- 
tor equipped with a propeller. The FW Is normally 
stored within the fuselage of an engine and provides no 
output However, in emergency conditions, the RAT may 
be deployed by causing an arm to extend the RAT Into 
the air stream surrounding the aircraft This flow of air 
causes the propeller of the RAT to rotate thereby gener- 
ating electrical power 

[0004] It Is predicted that it will soon be necessary 
to provide two RATs on each aircraft in order to ensure 
sufficient power Is available In the event of total engine 
. flame out This Is expected to incur a weight penally in 
excess of 250 kg for the RATs plus associated airframe 
reinforcements. 

[0005] There are many problems associated with 
RAT operation. The device itself Is a relatively heavy 
piece of equipment which Is carried at all times and 
which Is very rarely deployed, thus it Involves a fuel pen- 
alty on every flight Furthermore, the aircraft structure 
must also be reinforced In the region of the RAT mount- 
ing in order to ensure that it can stand the loading expe- 
rienced In the event that the RAT is deployed. 
" Furthermore, because the RAT Is operated only very 
occasionally and It is not regularly tested for functional- 
ity, faults may remain latent for some considerable 
period of time before being detected. It should be noted 
that satisfactory operation and deployment of a RAT Is 
not always achieved in practice. It would therefore be 
advantageous to dispense with the RAT completely. 
[0006] it b known that, in a multistage high bypass 
gas turbine engine, the low pressure shaft (LP) or low 
speed spool which drives the low pressure compressor 
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and the bypass fan will continue to rotate in the event of 
engine failure because the bypass fan is caused to 
rotate due to the airflow resulting from the motion of the 
aircraft as It glides to earth. This Is known as the 'wind- 
mill' effect The energy of the fan could be extracted by 
a generator connected to the low pressure shaft which 
could then supply electrical power to the aircraft during 
periods of flame-out 

[0007] GB 2216603 discloses a gas turbine In 
which the low speed spool is coupled to an emergency 
generator via a coupling unit in the event of loss of pro- 
pulsive drive of the engine. The power take off from the 
low speed spool may be applied to a gear box which 
drives an hydraulic pump and an electrical generator. 
Thus the connection between the low speed spool and 
the generator is broken when the engine Is functioning. 
[0008] WO93/06007 discloses an arrangement in 
which the down stream end of the low speed spool Is 
connected to a first gearbox which has an output shaft 
26 which extends perpendicularly to the spool and Into 
the interior of the engine pylon. The shaft engages with 
a second gear box which has various engine accesso- 
ries coupled to it, such as the main engine fuel pump, a 
hydraulic pump and one or more electrical generators. 
This document discloses that the ram air turbine can be 
dispensed with since power In the event of flame-out 
conditions can be derived from the wlndmilling of the 
bypass fan. 

[0009] EP 0798454 discloses a multi-spool aero 
engine in which each of the spools Independently and 
directly drive an electrical generator. The primary 
source of electrical power Is an electric motor/generator 
positioned within the down stream bearing support 
structure at the down stream end of the innermost 
engine shaft This document goes on to describe that 
the advantage of this configuration is the elimination of 
the main engine gearbox and two electrical generators 
driven by that gearbox. This document also goes on to 
disclose that the bearings for the shaft may be electro- 
magnetic bearings and that 'electricity generated by the 
bearing 38 constitutes the primary source of electricity 
for the aircraft upon which the engine 37 is mounted". In 
order for the magnetic bearing to function as a genera- 
tor, the magnetic bearing must be directly connected to 
the shaft, that te there Is no intermediate gearbox pro- 
vided. . 
[0010] EP 0659234 relates to an arrangement in 
which motor generators are connected to at least two of 
the engine spools and power transfer can be provided 
between them. Inductive electrical machines are 
deserted as being connected to the low pressure spool 
via gearing, or alternatively a switched reluctance 
machine may be provided such that the rotor of the 
switched reluctance machine is an Integral part of the 
engine shaft, as described In column 10 lines 45 to 50. 
Thus the switched reluctance machine Is directly cou- 
pled to the engine shaft 

[001 1) Although these documents disclose the pro- 
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vision of emergency power by utilising the windmilling of 
the engine, and two of them disclose providing genera- 
tors within the structure of the engine itself, none of 
these documents addresses the issue of obtaining a 
reasonable amount of power from the generator under 5 
the windmilling conditions. The amount of power 
required should be sufficient to power essential systems 
until the aircraft descends to an altitude where the aux- 
iliary power unit can be started to Initiate ah engine 
restart sequence, and preferably to allow flight control T o 
surfaces to be actuated, either directly from an electrical 
power source or indirectly via an intermediate load 
transfer system, such as an hydraulic circuit 

[0012] According to a first aspect of the present 
invention, there is provided an electrical generator for \s 
use with a gas turbine engine having a low speed spool, 
comprising a generator driven from a low speed spool, 
and in which the generator is a switched reluctance 
generator coupled to the low speed spool via a step up 
gearbox. 20 

\ J [0013] ft is thus possible to provide an electrical 

generator which, by virtue of the step up gearbox, pro- 
vides a greater electrical output during windmilling con- 
ditions of the engine than could be obtained from a 
similarly sized direct coupled generator. 25 
[0014] The maximum available output from a 
switched reluctance generator is, to a fair approxima- 
tion, directly related to speed of rotation the mass of the 
magnetic material forming the rotor and stator of the 
generator. The step up ratio of the gearbox can be so 
traded against weight of the generator to select a prede- 
termined power output for a given rate of rotation of the 
low speed spool corresponding to windmilling. Prefera- 
bly the generator should provide in excess of 1 0 kW dur- 
: ' ing windmilling, and advantageously should provide 35 
around 25 KW or more. However, the step up ratio is lim- 
ited by the requirement that the generator should still be 
within safe operating speeds when the low speed spool 
of the aircraft engine has reached its maximum operat- 
ing speed. Typically the speed of the low speed spool 40 
will vary between 200 and 250 rpm for windmilling and 
3000 rpm or so as its maximum operating speed. In an 

4 '• . embodiment of the present invention, the gearbox has a 

step up ratio of 12 : 1, such that the generator has a 
rotation rate of around 2400 to 3000 rpm when the 45 
engine is windmilling. This enables a generator weigh- 
ing only approximately 20 kg to produce around 25 kW 
of power. ' 

[001 5] The use of a step up gearbox does have the 
disadvantage of increasing the maximum rotational rate so 
. of the generator. In the case of a step up gearbox of 12 
: 1, the maximum rotation rate of the generator Is 
Increased to 36,000 rpm or so. It is possible to discon- 
nect the drive to the generator, although this Itself has 
safety implications since the coupling may inadvertently 55 
disconnect, or connect 

[0016] Preferably the generator Is continuously cou- 
pled to the low speed spool via the step up gearbox. 



[0017] In order to be an electrically efficient 
machine at these high rotational rates, it is desirable 
that the rotor has a core of thin laminates wherein each 
laminate is preferably less than 0.5 mm thick. Advanta- 
geously the rotor laminate pack is held under compres- 
sive load, for example by through bolts. Some of the 
laminates may be modified so as to define retaining 
means extending into the inter pole gap between the 
poles of the laminate core, such that the retaining 
means engage the bolts holding the laminate core 
together and serve to restrain the bolts against defor- 
mation due to centrifugal force. 
[0018] Advantageously the stator is also composed 
of thin laminates. 

[0019] According to a second aspect of the present 
invention, there is provided an aircraft mounted gas tur- 
bine engine comprising a low speed spool having a plu- 
rality of blades at a first end thereof, such that the 
blades are turned by air flow passing through the engine 
when a combustion region of the engine is not operat- 
ing, and a generator connected to the low speed spool, 
characterised in that the generator is permanently drtv- 
ingly connected to the low speed spool via a step up 
gearbox such that the generator can supply power when 
the low speed spool Is being turned by the airflow pass- 
ing therethrough, and in which the generator is a 
switched reluctance generator. 
[0020] Preferably the generator is mounted within 
the tail portion of the engine. 
[0021] Preferably the aircraft further includes at 
least one controller for controlling switching and excita- 
tion of a plurality of stator coils within the switched reluc- 
tance generator, the controller further being arranged to 
maintain the output of the generator at substantially the 
aircraft's bus voltage. Advantageously, on a muttl engine 
aircraft each engine is provided with a generator and 
has an associated generator controller. Each of the gen- 
erators may then feed directly into an aircraft bus which 
supplies electrical power to aircraft actuation systems or 
electro-hydraulic pumps. 

[0022] According to a third aspect of the present 
invention, there is provided an aircraft having a plurality 
of switched reluctance generators, each of which being 
arranged to deliver power to an aircraft electrical distri- 
bution system, In order to supply power to aircraft sys- 
tems including those for controlling aircraft flight 
surfaces, wherein the surfaces are directly driven from 
electrical motors or wherein the flight surfaces are 
hydraulically operated and the supply of pressurised 
hydraulic fluid is derived from an electrically driven 
pump. 

[0023] According to a further aspect of the present 
invention, there is provided an aircraft having electrically 
actuated flight control surfaces and at least one gas tur- 
bine engine, and in which the at least one gas turbine 
engine has a generator permanently drivingly con- 
nected to a low speed spool of the engine such that, In 
the event of flame-out of the at least one engine, the alr- 
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flow through the engine whilst the aircraft Is In flight gen- 
erates sufficient power to actuate the flight control 
surfaces. 

[00241 The flight control surfaces may be linked to 
an associated control motor via a mechanical linkage, 
or a motor may be used to drive a pump to supply 
hydraulic fluid under pressure to hydraulic actuators 
which in turn actuate the flight control surfaces. It Is thus 
possible to provide an electrically controlled aircraft 
which can maintain flight control even in the event of 
complete loss of propulsive power. 
[0025] The generator may be used only to provide 
emergency electrical power, in this configuration, the 
generator will rotate at all times with the low pressure 
shaft but is only provided with excitation current during 
engine failure conditions. This simplifies operation of the 
electrical drive circuits as the drive does not have to be 
configured to provide excitation at the high operating 
speeds encountered during normal use. The initial exci- 
tation current need only be small and can be provided 
from a battery or other excitation source eg PM exciter. 
However, In order to ensure that the emergency gener- 
ator fe capable of operating when required, it may be 
energised to produce an output during each shut down 
cycle for the engine. The engine shutdown routine Is 
controlled by a flight management computer which 
could be arranged to operate the generator as part of 
the winding down cycle of the engine after each flight 
The output of the emergency generator can then be 
checked against a series of operational parameters and 
a warning given In the event that the generator fals to 
operate within the expected range. Alternatively, a con- 
firrnation of generator health could be given during each 
shut down cycle. 

[0026] Additionally or alternatively, a very tow exci- 
tation could be provided to the stator windings during all 
engine operating conditions In order to cause a small 
monitoring current to be produced. Under such condi- 
tions, the generator may have a relatively low output, for 
examplB 1 WW or so. This output could then be used to 
give a continuous, If desired, confirmation of the gener- 
ator functionality or may be used to flag when a fault 
condition has occurred 

[0027] Given that a multi engine aircraft will carry 
several emergency generators, redundancy Is provided 
within the generating capability and It Is therefore possi- 
ble that aircraft operation can continue safely after a 
fault has been detected in one or more of the generators 
providing that a sufficient number of generators remain 
operable. 

[0028] In an alternative mode of operation, the gen- 
erator may be used continuously at Its nominal operat- 
. Ing output whilst the aircraft is in use to provide powerto 
the aircraft systems. This does Increase the thermal dts- 
sipation demands on the generator control electronics 
and the generator Itself, thereby requiring that these 
components are more robust than would be required If 
they were to operate In an emergency only mode with or 



without continuous low power monitoring. However by 
operating the generator at Its nominal full design output, 
other engine components or aircraft generators may be 
omitted from the aircraft thereby giving a weight saving. 
100291 The present Invention will further be 
described, by way of example, with reference to the 
accompanying drawings, In which:- 

Figure 1 schematically illustrates atypical electrical 
power system configuration for an aircraft having a 
ram air turbine and forming part of the state of the 
art; 

Figure 2 schematically Illustrates the electrical con- 
figuration for an aircraft having an electrical system 
constituting an embodiment of the present Inven- 
tion; 

Figure 3 schematically Illustrates a section through 
an aero engine having a gear box and generator 
constituting an embodiment of the present inven- 
tion; 
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Figure 4 shows the gearbox and switched reluc- 
tance generator in more detail; and 

Figure 5 illustrates a lamination forming part of the 
rotor of the generator. 

[0030] Conventionally, the electrical system of an 
aircraft Is split Into left and right hand sides, as shown In 
Figure 1. Main generators 2 on the left hand sWe 
engines supply power to a left hand AC bus bar 4. Sim- 
ilarly, main generators 6 on the right hand side of the air- 
craft supply electrical power to a right hand AC bus bar 
8. The generators are driven via power take-off shafts 
from the high speed spools of the engines. Switching of 
the power In the bus bar to various aircraft systems Is 
controlled via left hand and right hand power panels 10 
and 12, respectively. An auxiliary generator 14, usually 
mounted at the base of the tall fin, provides powerto an 
auxiliary bus bar 1 6 which can be selectively connected 
to the left hand and fight hand bus bars 4 and 8. The 
reasoning behind this distribution system Is to enable 
one half of the aircraft to be isolated from the other. This 
Is advantageous since a fault on one of the electrical 
generators may cause It to take the other generators on 
the same bus bar into a fault mode also. The left and 
right power panels 10 and 12 are selectively connecta- 
ble to a standby power system via the standby power 
panel 20. The standby power panel 20 allows power 
from a battery 22 or from a ram air turbine 24 to be 
routed to either the left hand or right hand distribution 
systems within the aircraft .Thus In the event that all 
engines flame out, electricity from the main battery or 
from the ram air turbine may be routed to aircraft sys- 
tems and also to the auxiliary power unit which is a 
small jet engine having an electric start capability. The 
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auxiliary power unft may then be restarted In order to 
provide more electrical power to the aircraft systems 
and also to provide a supply of compressed gas which 
may then be routed to the main engines In order to oper- 
ate their pneumatic starter motors in order to continue 
the engine restart sequence. 
[0031 ] For aircraft having generator systems consti- 
tuting an embodiment of the present invention, the bus 
bar may be modified and the ram air turbine omitted. 
Figure 2 illustrates a distribution arrangement which 
may be used to supplement the primary distribution sys- 
tem shown in Figure 1 , or, if the generators are used as 
a primary source of aircraft power, then this distribution 
arrangement may be used in place of that shown in Fig- 
ure 1 . The arrangement shown in Figure 2 relates to a 
four engine aircraft wherein first and second engines 
drive first and second gear box and generator assem- 
blies 30 and 32 located on the left hand side of the air- 
craft. Similarly, third and fourth engines driving third and 
fourth gear box and generator assemblies 34 and 36 are 
located on the right hand side of the aircraft. Each gen- 
erator Is a switched reluctance generator In which a 
toothed rotor co-operates with a toothed stator, and in 
which there are no electrical connections to the rotor. 
The control and power electronics associated with each 
generator is arranged to control the supply of excitation 
.current derived either from the aircraft electrical system 
or from a source of power generated from within the 
generator itself (eg a co-axially mounted permanent 
magnet generator) through a plurality of stator windings 
as a function of the rotational position of the rotor. This 
generates an induced magnetic field on the rotor which 
then cuts the windings on the stator thereby inducing an 
etectrical current The control strategies for using 
switched reluctance machines as motors or generators 
are well described In the art and need not be described 
in any further detail here. In the event of a generator fail- 
ure, it can be easily isolated from the electrical system 
merely by removing the excitation currents to the stator 
windings. As a consequence, there is no need to sepa- 
rate the electrical bus bar into left and right hand sides 
as any generator can be Isolated from the bus bar via 
suitable operation of the control and power electronics 
unit associated with It Thus each of the generators 30, 
32, 34 and 36 feed directly to a single bus bar 3B via 
their respective control and power electronics unit 31, 
33, 36 and 37, respectively. A further advantage gained 
through the use of a switched reluctance generator is 
that, in the event of a fault developing in one phase of 
the generator, the machine may still be operated to pro- 
vide a reduced power oulput This fault tolerant nature 
makes switched reluctance technology a preferred 
choice of emergency generator. It will be appreciated 
that an aircraft fitted with such a system has a minimum 
generating capacity in the region of 100 - 120 kW during 
gliding concfitions following a complete engine flame 
out This generating capacity Is, of course, naturally 
Increased if any one or more of the engines remains 



alight The electrical output from the switched reluc- 
tance generators and the control electronics is in a 
direct current form, and this may then be used to drive 
power converter 40 and 42 to provide 60 - 70 kW of 
5 power to the aircraft AC bus 44 and also to provide 
power to the aircraft 28 volt DC and 115 volt 400 Hz AC 
power distribution systems. 

[0032J For those aircraft where the switched reluc- 
tance generators connected to the low speed spool do 
w not form the primary generating capability, additional 
AC generators 50 may be driven by hydraulic motors 52 
which receive pressure from the aircraft hydraulic sup- 
plies, which are typically derived by using take off drive 
shafts from the high pressure spool to operate hydraulic 
15 pumps adjacent each engine. 

[0033] As shown in Figure 3, the switched reluc- 
tance generator and gearbox assembly 60 is located in 
the tail cone 62 of the engine at the rear most end 64 of 
the low pressure spool 65. The front most end of the low 
20 pressure spool is drtvlngly connected to the bypass fan 
66. Forsimplictty, other aero engine components win not 
be described since they are well understood by the 
skilled person h the art In the configuration shown, a 
power take off shaft 70 Is provided to tap power from the 
25 high speed spool in order to provide motor power for AC 
generators and hydraulic pumps 71 . 
[0034] Figure 4 schematically illustrates the 
switched reluctance generator 78 and step up gear box 
7g in more detail. A rotor 80 and lamination stack 82 is 
30 rotatabty supported by journal bearings 84. A stator 86 
comprising a plurality of colis 87 wound round magnetic 
pole pieces encircles the rotor, and is attached to a gen- 
erator housing 88. A step up gear box 90 is secured to 
a first end of the generator housing. An input gear 92 
35 has a 6pllned input portion for engaging the rear most 
end 54 of the low speed spool of the gas turbine engine. 
Gear teeth are provided on an inwardly facing portion of 
a cup shaped element 94 which in turn engages with 
radially outward facing teeth 96 of an intermediate gear 
40 98 which in turn has a cup shaped portion 100 carrying 
radially Inward facing teeth which engage gear teeth 
102 of the rotor 80. In use, rotation of the low speed 
spool of the engine Is stepped up 12 times by the gear- 
box and transmitted to the rotor. Thus the rotor may be 
45 driven at high rotational rates, for example in the region 
of 36,000 rpm for a typical aero-engine having a maxi- 
mum low speed spool speed of 3,000 rpm. 
[0035] In orderto cope with the high rotational rates 
whilst not compromising electrical performance, it is 
so beneficial to modify selected ones of the laminations of 
the rotor. 

[0036] Figure 5 shows an embodiment of a lamina- 
tion 120 for use in the generator. The lamination 120 
comprises a generally circular central portion carrying a 
55 plurality of projections 1 26 spaced around its periphery. 
The projections 126 form pole pieces In the generator. 
In order to minimise out of balance forces, the projec- 
tions are arranged in a regular array exhibiting two or 
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more fold rotational symmetry. Attachment elements 
128 In the form of lugs, project from the body of the lam- 
ination Into the Inter-pote spacing 129. The lugs 128 
have through passages 130 formed therein in order to 
accept the passage of fixing elements, which are nor- 
mally bolts. The passages are completely enclosed 
within the lugs 128. The lamination Is provided with a 
central aperture 132, sized so as to sfldlngly engage the 
rotor shaft of the generator. Locating notches 134 are 
provided to engage the lamination to the rotor shaft in a 
predetermined orientation. 

[0037] Groups of laminations 120 of the type shown 
in Figure 5 are provided at regular Intervals along the 
shaft Hie groups are surrounded by other laminations 
of a more conventional design, in that they do hot have 
the attachment elements 1 28 formed thereon. 
[0038] - The laminations are thin, typically 0.2 mm or 
so, in order to reduce eddy current losses at high 
speeds. The best way to form the lamination stack Is to 
bolt the laminations between opposing flanges. The 
bolts pass through the flanges and the passages 130 In 
the laminations, and are Insulated therefrom by Insulat- 
ing bushes. The lugs 128 serve to hold the bolts against 
radial deformation resulting from centrifugal forces as 
the rotor rotates. 

[0039] ' It is thus possible to provide a generator 
capable of generating significant amounts of electrical 
energy from the windmllling of an aero-engine, and 
without Incurring a significant weight penalty. Further- 
more the generator can be regularly tested during each 
engine start or shut down cycle and may also provide a 
source of power, either as a primary or backup system 
during flight 

Claims 

1. An electrical generator for use with a gas turbine 
engine having a low speed spool, wherein the gen- 
erator (78) is driven from the low speed spool (65), 
characterised In that the generator (78) is a 
switched reluctance generator coupled to the low 
speed spool (65) via a step up gearbox (79). 

2. An electrical generator as claimed in claim 1, char- 
acterised in that the gearbox is selected such that 
the generator (78) has a rotational rate of around 
2400 to 3000 revolutions per minute when the 
engine is windmllling. 

3. An electrical generator as claimed in claims 1 or 2, 
characterised in that the generator (78) Is perma- 
nently connected to the low speed spool (65) via 
the step up gearoox (79). 

4. An electrical generator as claimed In any one of the 
preceding claims characterised in that a rotor of the 
generator has a core of thin laminates held in a 
- stack (82) under compressive load. 



5. An electrical generator as claimed In data 4, char- 
acterised in that the stack is held under compres- 
sive load by bolts, and that some of the laminates 
(120) in the stack have retaining means (128) which 

5 engage with the bolts and serve to restrain the bolts 
against deformation due to centrifugal force. 

6. An electrical generator as claimed in any one of the 
preceding claims, In combination with an aircraft 

to mounted gas turbine engine, characterised by a 
controller (31) for controlling switching and excita- 
tion of stator coils (87) within the generator, and In 
which the controller Is arranged to maintain an out- 
put of the generator at substantially the bus voltage 

is of an aircraft bus. 

7. An electrical generator as claimed In any one of the 
preceding claims, characterised In that the genera- 
tor Is used to provide emergency electrical power. 

20 

8. An electrical generator as claimed in claim 6, char- 
acterised in that the generator is placed In a gener- 
ating mode during the engine shutdown cycle In 
order to check the operation of the generator. 

25 

9. An electrical generator as claimed In claim 6, char- 
acterised in that the generator is operated continu- 
ously whilst the aircraft is In use. 

so 10. An aircraft having a plurality of switched reluctance 
generators, characterised in that the generators are 
arranged to deliver power to an aircraft electrical 
distribution system (38) in order to supply power to 
aircraft systems Including these for controlling air- 
as craft flight surfaces, wherein the flight surfaces are 
directly driven from electrical motors or wherein the 
flight surfaces are hydraullcally operated and the 
supply of pressurised hydraulic fluid is derived from 
an electrically driven pump. 

40 

11. An aircraft as claimed in claim 10, characterised In 
that at least one of the generators (30) Is in combi- 
nation with a gas turbine engine and is permanently 
connected to a low speed spool of said engine such 
45 that, In the event of flame out of said engine, the air- 
flow through said engine whilst said aircraft Is In 
flight generates sufficient power to actuate the flight 
control surfaces. 

50 
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